Genetic selection and differential stress responses:The Roman lines/strains of rats by Driscoll, P. et al.
  
 University of Groningen
Genetic Selection and Differential Stress Responses
Driscoll, P.; Escorihuela, R.M.; Fernández-Teruel, A.; Giorgi, O.; Schwegler, H.; Steimer, Th.;
Wiersma, A.; Corda, M.G.; Flint, J.; Koolhaas, J.M.
Published in:
Annals of the New York Academy of Science
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1998
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Driscoll, P., Escorihuela, R. M., Fernández-Teruel, A., Giorgi, O., Schwegler, H., Steimer, T., ... Tobeña, A.
(1998). Genetic Selection and Differential Stress Responses: The Roman Lines/Strains of Rats. Annals of
the New York Academy of Science, 851, 501 - 510.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Genetic Selection and Differential
Stress Responses
The Roman Lines/Strains of Rats
P. DRISCOLL,a R. M. ESCORIHUELA,b A. FERNÁNDEZ-
TERUEL,b,c O. GIORGI,d H. SCHWEGLER,e TH. STEIMER,f
A. WIERSMA,g M. G. CORDA,d J. FLINT,h J. M. KOOLHAAS,i
W. LANGHANS,a P. E. SCHULZ,f J. SIEGEL,j AND A. TOBEÑAb
ETH, Institut für Natztierwissenschaften, Schorenstrasse 16, CH-8603
Schwerzenbach, Switzerland
bAutonomous University of Barcelona, Medical Psychology Unit, 
E-08193 Bellaterra (Barcelona), Spain
cUniversity of Santiago de Compostela, Department of Psychobiology,
E-15705 Santiago de Compostela, Spain
dUniversity of Cagliari, Department of Toxicology, Viale A. Diaz 182, 
I-09126 Cagliari, Italy
eUniversity of Magdeburg, Anatomy Institute, Leipzigerstrasse 44, 
D-39120 Magdeburg, Germany
fIUPG, Clinical Psychopharmacology Unit, 100 avenue de Bel-Air, 
CH-1225 Chêne-Bourg (GE), Switzerland
gNV Organon, RE 2211, P.O. Box 20, NL-5340 BH Oss, the
Netherlands
hUniversity of Oxford, Institute of Molecular Medicine, John Radcliffe
Hospital, Headington, GB-Oxford OX3 9DU, England
iUniversity of Groningen, Department of Animal Physiology, Kerklaan
30, P.O. Box 14, NL-9750 AA Haren, the Netherlands
jUniversity of Delaware, Departments of Psychology and Biology,
Newark, Delaware 19716 USA
INTRODUCTION
The Swiss sublines of Roman high (RHA/Verh) and low (RLA/Verh) avoidance
rats, descended from the RHA and RLA rats founded by Bignami1 from Wistar
stock, have been selected and bred since 1972 on the basis of their divergent per-
formance in active, two-way avoidance (shuttle box) behavior.2–4 The initial acqui-
sition of two-way avoidance has been shown to be strongly dependent upon
emotional factors (see Refs. 4–6). RHA/Verh rats, which acquire avoidance
quickly, do so mainly because they are less emotionally reactive, coping actively
with that test in comparison to RLA/Verh rats which, as passive copers, show
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much freezing (immobility) behavior. The two rat lines are also known to differ in
many other respects, both at the behavioral and neuroendocrine/neurochemical
levels. When exposed to a novel environment (or various other stressors)
RLA/Verh rats show more pronounced emotional responses such as more defe-
cation, immobility or self-grooming activity, a comparatively higher activation of
the hypothalamo-pituitary-adrenal (HPA) axis, and especially higher plasma pro-
lactin (PRL) levels than do RHA/Verh rats.2,3,7–12 A large number of neurochemical
differences have been reported, a few of which will be mentioned in this review.
STRESS AND PROLACTIN
A factor that may be important for stressor-induced PRL secretion is the “con-
trollability” of the stressor.13 Those investigators discovered that, when
RHA/Verh rats can control their emotional response by actively exploring the
environment, stress-induced PRL secretion was rapidly reduced, that not being
the case for RLA/Verh rats exposed to the same treatment. The mediator in this
control was believed to be dopamine (DA), as DA is a major PRL-inhibiting fac-
tor. Rats from the RHA/Verh line have shown a more pronounced activation of
the mesocortical DAergic system under stress conditions, associated with
increased locomotor activity and with an activation of cognitive processes in an
attempt to cope with stressors.3,14,15 If this increased DA activity also occurs in the
tuberoinfundibular system controlling PRL secretion this could explain why,
when RHA/Verh rats can master a stressful situation through locomotor activity,
they are better able to reduce PRL secretion.13
GLUCOCORTICOID RECEPTORS
Corticosteroid action in the brain is mediated by specific glucocorticoid recep-
tors (hippocampal type I and pituitary type II), which are critically involved in
HPA axis regulation. Differences have been reported in adult male RHA/Verh
and RLA/Verh rats under baseline conditions, with the latter line having lower
levels of both types. This may result in a reduced feedback efficacy for RLA/Verh
rats.8 Indeed, recent experiments have suggested a partial dysregulation of the
HPA axis in RLA/Verh rats, which exhibited a more pronounced response to a
corticotropin-releasing factor (CRF) challenge under dexamethasone suppression,
much as one observes in a large majority of depressed patients.13 Future studies
dealing with changes in glucocorticoid receptors under stress conditions would
certainly provide valuable information on these topics.
CORTICOSTERONE, ACTH, CRF, AND VASOPRESSIN
Both ACTH and corticosterone responses to CRF have been investigated in a
number of studies. Ovine CRF was shown to induce a significantly larger increase
in plasma ACTH in RLA/Verh rats, both in vivo and in vitro,8 this effect being
apparently age dependent.11 Studying the expression of CRF and vasopressin
(VP), both of which are neurohormones exerting a synergistic action on ACTH
release, it was found under basal conditions that RLA/Verh rats had higher VP
mRNA levels in the parvicellular neurons of the paraventricular nucleus (PVN),
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there being no difference in CRF mRNA levels. It was suggested that differences
in basal VP expression in CRF neurons of the PVN may participate in the mecha-
nisms underlying the hyperactivity of the HPA axis in the RLA/Verh rats.10 VP
also appears to play a part in mediating some aspects of the behavioral and phys-
iological responses observed during conditioned, stressful environmental chal-
lenges, exerting its action at the central nucleus of the amygdala (CEA). Low doses
of arginine-8-VP (AVP) injected into the CEA of conscious RLA/Verh rats
enhanced stress-induced bradycardia and immobility in that line, whereas high
doses of AVP or oxytocin attenuated the same responses. Neither stress responses
nor drug effects were seen in RHA/Verh rats, suggesting that differences in CEA
receptor densities and/or VP innervation may contribute to the differences in
behavioral coping strategies characterizing the two lines of rats.16
ALTERING BEHAVIORAL RESPONSES TO STRESSORS THROUGH
ENVIRONMENTAL MANIPULATION
As previoulsy mentioned, exposure to various stressors induces a more pro-
nounced emotional response in RLA/Verh rats, such as higher levels of defeca-
tion,2,4,12,16,17 immobility,2,4,6,17 and self-grooming activity6,11,12 than in RHA/Verh rats.
In comparison to this style of “passive coping,” rats of the RHA/Verh line are
“active copers,” exploring more and taking more risks9,12,13,17 (as, for example, more
quickly entering the brightly lit compartment of a black/white box test after hav-
ing been initially placed in the dark compartment,6 being willing to drink strange,
and sometimes even aversive, liquids,18 and eagerly seeking out novelty, for exam-
ple, in a hole board test with strange objects placed under the holes9) than do
RLA/Verh rats. Some of these behavioral differences are summarized in TABLE 1.
In addition, a series of studies has shown that emotional, or fearful, responses to
various stressors, including HPA axis responses6–8,10,11,13 as well as stressor-induced
decrements in exploratory behavior, can be enduringly altered by neonatal han-
dling in rats.19 Changes induced by neonatal handling on the behavioral and hor-
monal responses seen in the Roman lines, as summarized in TABLE 1, are also
listed there. Neonatal handling in all cases consisted of 1–21-day-old rats being
placed individually in plastic cages (on paper towels) twice daily for 10 min. After
the first 5 min and at the end of the 10-min period, each pup was gently handled
for 3 sec. Nonhandled rats were left undisturbed until weaning at 21 days of age.
The rats were later tested as adults.4,9,19
THE MESOCORTICAL DOPAMINE PROJECTION
The mesocorticolimbic DAergic system consists of two major projections, both
of which originate in the ventral tegmental area of the brainstem. The mesoac-
cumbens projection terminates in the ventral striatum (nucleus accumbens)
whereas the mesocortical projection largely innervates the medial prefontal cor-
tex. The latter system is involved in the regulation of goal-directed behavior and
in the locomotor and rewarding effects of psychostimulants and other drugs of
abuse, as well as in the (previously infered) regulation of emotional states and
cognitive and attentional processes. As mentioned earlier, RHA/Verh rats show a
more pronounced activation of the mesocortical DAergic system under stress con-
ditions, which has been interpreted as an activation of cognitive processes in an
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attempt to cope with the stressors.3,14,15 Under these same conditions (tail pinch,
loud noise, restraint, etc.), RLA/Verh rats showed much freezing behavior, self-
grooming and defecation, whereas the RHA/Verh rats increased their locomotor
activity or “fought with the stressor” more (e.g. tail clamps) when applicable.14,15
It can be seen, therefore, that the pattern of an individual’s stress response is
determined not only by the event (stressor) but also by the ability or inability of
the individual to cope with it, depending upon the adequacy of their (usual) cop-
ing style.20 Two other neurotransmitter systems which undoubtedly play impor-
tant roles in the process of differential stress responses are the serotonergic system
and the GABAA/Benzodiazepine Receptor/Cl
– complex, both of which are being
continuously studied in the Roman rat lines,4,21–23 and which will be subjects of a
later review.
THE MESOACCUMBENS DOPAMINE PROJECTION AND DRUGS
The mesoaccumbens projection has proven to be of particular interest in con-
nection with the effects of cocaine and morphine in RHA/Verh and RLA/Verh
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TABLE 1. Differences between RHA/Verh (RHA) and RLA/Verh (RLA) Rats, and the
Effects of Neonatal Handling Thereon, in Some Behaviors Related to Emotionality,
Novelty Seeking, and Hormonal Stress Responsesa
Emotionality Measure Interline Difference Effect of Neonatal Handling on
RHA RLA
New cage
• Defecation RHA < RLA ↓ ⇓
Fear conditioning
• Defecation RHA < RLA == ↓
Labyrinth
• Activity RHA > RLA ↑ ⇑
• Entries into lit center RHA > RLA ↑ ⇑
• Defecation RHA < RLA ↓ ⇓
Black/white box
• Initial crossing latency RHA < RLA == ==
• Self-gromming latency RHA > RLA ⇑ ↑
• Defecation RHA == RLA ↓ ⇓
Hyponeophagia
• Latency to start eating RHA < RLA == ⇓
• Time spent self-grooming RHA < RLA == ⇓
• Defecation RHA < RLA == ==
Hole board exploration and 
preference for new objects 
and/or spaces RHA > RLA ↑ ⇑
Hormonal stress responses
• ACTH RHA < RLA == ==
• Corticosterone RHA < RLA == ↓
• PRL RHA < RLA == ↓
aArrows and double arrows indicate magnitude and direction of the effects of neonatal
handling on those paradigms as follows: ==: no difference; ↑ or ↓: significant increase or
decrease; ⇑ or ⇓: very significant increase or decrease.
rats.24 An acute challenge with low doses of either drug caused significant loco-
motor activation in RHA/Verh rats only, as well as a significantly larger activation
of the DAergic mesolimbic (mesoaccumbens) projection, also only in that line of
rats, as reflected by increments in DA output in the shell area of the n. accumbens.
That area, considered to be part of the “extended amygdala,” is more involved in
motivation and emotivity than is the core area, which is rather involved in motor
functions. Within the framework of the incentive motivational theories of behav-
ior, it has been proposed that the repeated administration of drugs of abuse is
associated with abnormal motivational learning due to a persistent, that is, non-
adaptive, increment in DA release in the shell of the nucleus accumbens,25 facili-
tating the acquisition and maintenance of two interactive processes; incentive
learning (the association between drug stimulus and reward) and habit learning
(the association between drug-related stimuli and drug-seeking behavior).24,25 The
results obtained with RHA/Verh rats, therefore, are important in the light of their
novelty-seeking type of behavior. Based on their affinity for alcohol and other
substances18 and their stronger reaction (stimulatory) to other drugs that exert
their effects largely through the DAergic system (see Refs. 15 and 24), as well as
other aspects of their behavior in, for example, hole board,9,19 hyponeophagia and
conflict,12 and DRL (impulsiveness)26 tests, we enter the realm of what may be clas-
sified as “sensation seeking” behavior.
SENSATION SEEKING IN RHA/VERH RATS
Sensation seeking (SS) in humans is characterized by high levels of exploratory
and novelty (“thrill”) seeking behaviors and disinhibition (impulsive activity,
alcohol and drug use, conspecific aggression, etc.).27 Subjects who score high on
Zuckerman’s SS scale also show visual evoked potential (VEP) augmenting,
whereas non-SS types of individuals are VEP reducers. Briefly, VEP amplitudes
are recorded from the cerebral cortex (scalp in humans) as a function of stimulus
intensity. As the light flash stimulus increases, the normal psychophysical expec-
tation is that the amplitude of the evoked response would also increase. This
occurs, however, only in SS subjects.27 After having demonstrated this phenome-
non in humans and cats, on both of which the association between VEP aug-
menting and the appropriate behavioral criteria were found to be very strong, the
suspected genetic aspects of the SS-VEP relationship were investigated in the
Roman rat lines, whose well-known behavioral differences appeared to make
them good subjects for such a study.
Indeed, as with SS humans and cats, the slopes of P1 amplitudes as a function
of flash intensity (5 flashes) were significantly greater in RHA/Verh rats (which
were thereby augmenters) than in either RLA/Verh or locally obtained Wistar
rats, the latter two groups both showing almost identical, flat amplitude-intensity
functions (thereby classifying them as reducers).28 These findings showed that (a)
the relationship between SS behavior and VEP augmenting vs reducing (A/R) is
also present in rats (as with cats and humans), (b) A/R is a cortical and not a sub-
cortical phenomenon, and (c) A/R and related SS behaviors are heritable, the lat-
ter finding being further supported by steadily increasing amounts of data
obtained with humans.27 The association between A/R and such SS characteristics
as preferences for rewarding substances,18 and behavioral and CNS sensitivity to
psychostimulants and addictive drugs24 leads us into the important topic of alco-
hol consumption.
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RAT MODELS AND ALCOHOL CONSUMPTION
Human studies have implied that a direct effect of stress on alcohol-related
problems is highly questionable.29 Anyway, as even those rats that enjoy drinking
alcohol (the great majority do not) will not voluntarily do so to the state of becom-
ing either drunk or addicted, there is no really effective model of alcoholism in
rats (forced drinking with liquid diets, a stressor in itself, is certainly not an
acceptable model for the human condition). The various bidirectionally selected
lines of rats that prefer/do not prefer alcohol (e.g., AA/NA, P/NP, etc.), therefore,
are rather models of “social drinking” than of alcoholism. This puts ethanol (E)
preference in rats into a different, albeit still interesting, light. Through a well-for-
mulated study combined with a comprehensive consideration of the literature,
Razafimanalina et al.18 have set up some genuine breakthroughs in this field. First,
they eliminated emotionality differences as a crucial factor in E preference by
showing that a report on “more anxious” P rats vs “less anxious” NP rats was not
reconcilable with a report on “more emotional” rats selected for low saccharin (S)
preference versus “less emotional” rats selected for high S preference,30 because
rats selected for E preference are almost invariably known to also consume more
S.18 Second, as both E and S preferring rats do not prefer quinine (Q) solutions to
water, and as RHA/Verh rats (which had been bred in Bordeaux for several gen-
erations) prefered all three (E, S, and Q) to water, they concluded that rats selec-
tively bred for divergence in E preference cannot be directly compared to rats
selectively bred for high and low shuttle box avoidance.18 Finally, this left the E-,
S-, and Q-preferring RHA/Verh rats in a position that perhaps no selectively bred
rats have been in to date, particulary in comparison to their RLA/Verh counter-
parts, which demonstrate a total aversion to all three compounds. The peculiar
preferences of the former were thereby interpreted as apparent attempts to
increase their levels of sensory stimulation.18 This provides, also in the opinion of
those authors, further evidence in the direction of these two lines of rats being a
good model for studying the SS trait, in addition to their obvious usefulness in
studying the effects of stress from a genetic/developmental standpoint.11,13,19
INBREEDING IN PREPARATION FOR MOLECULAR-MAPPING STUDIES
One of the future projects decided upon has been to try to identify the genetic
bases responsible for the divergent emotionality profiles seen in these rats.
Toward this end, an inbreeding program was initiated in 1993, derived through
brother/sister mating from the hitherto outbred lines (the latter also being con-
tinued in parallel, of course). In line with previous, similar programs,31,32 a first
step in the molecular mapping of a trait would be to find markers that distinguish
the two inbred Roman strains. To date, 128 markers have been analyzed, and 26
of those have been found to be polymorphic between the strains. In order to cover
the genome at sufficient density to detect loci that contribute 5% or more to the
phenotypic variance of a trait, at least 80 markers are required. It has been esti-
mated that another 330 markers must be analyzed to achieve that goal.
BEHAVIORAL TESTING WITH THE INBRED ROMAN STRAINS
In the meantime, the inbred strains have undergone much behavioral testing,
starting in 1995 at about the sixth generation, with the main purpose of deter-
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mining their adherence to the well-established behavioral profiles of the outbred
lines. Similar results have been found so far in the hole board apparatus, with the
inbred RHA/Verh/I (RHA/I) rats exploring more and showing more novelty
seeking when new objects were introduced beneath the holes than their inbred
RLA/Verh/I (RLA/I) counterparts did. Results in the shuttle box (two-way, active
avoidance acquisition) have been virtually identical to those found with the out-
bred lines, further confirming the continuity of the basis of selection. As in previ-
ously mentioned studies,17,19 young RHA/I and RLA/I rats have shown the same
behavioral patterns in both a hexagonal tunnel maze (the labyrinth referred to in
Table 1—here the RLA/I rats also showed less entries into the illuminated central
arena, decreased locomotor activity, and increased defecation compared to
RHA/I rats) and in a conditioned fear test as the outbred lines have.33 RLA/I rats
have also been found to be more sensitive than RHA/I rats were to the narcotic
effects of intraperitoneal injections of ethanol, confirming earlier studies with the
outbred lines.
DIFFERENCES IN THE ACOUSTIC STARTLE RESPONSE
One of the most valuable findings has been with a test that will most certainly
be part of the battery of tests involved in the molecular mapping project, that
being the acoustic startle paradigm. In that study,34 RHA/I and RLA/I rats
received 40 acoustic stimuli followed by 10 electric footshocks and another 30
acoustic stimuli. RLA/I rats showed significantly higher startle response ampli-
tudes, before and after the shocks, than did RHA/I rats (all adult males), indicat-
ing a stronger emotional reaction to the acoustic stimuli, as well as a stronger
response to the footshocks. It was concluded that RLA/I rats show more pro-
nounced emotional reactions to fearful stimuli.
DIFFERENCES IN THE ELEVATED PLUS-MAZE
In another test that will undoubtedly be used, rats of both strains were exposed
to an elevated plus-maze. One group of each strain was tested during the dark
phase of the light-dark cycle under very dim (red) light conditions and another
group of each during the light phase under lighted conditions. Each rat was
placed in the maze facing an enclosed arm and tested for 5 min. The results can
be seen in FIGURES 1 and 2, with strain differences being found in several of the
measures, as well as a lighting effect on grooming behavior in RHA/I rats (FIG. 2).
FIG. 1 shows that the RLA/I rats were more “fearful” in regard to one commonly
measured item, that being entries into the open arms, whereas there were no sig-
nificant differences between the strains in time spent in the open arms. FIGURE 2,
however, shows that the RLA/I rats were also more “fearful” in regard to distance
travelled in the open arms, in latency to start grooming, and the total time spent
self-grooming. A principal lesson to be learned here is that many more behaviors
can be measured with this test than the usually measured “time spent in and
number of entries into open/closed arms,” for example, the additional three items
shown in FIGURE 2. Another would be (not measured here) rearing behavior in
both the open and closed arms.19 Several other well-founded criticisms and warn-
ing-notes have been sounded from various quarters that should at least dissuade
investigators from relying on this test as the only one to be used to measure fear-
fulness or emotionality (not to mention “anxiety”).19,35,36
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CONCLUSION
RHA/Verh and RLA/Verh rats, originally selected and bred for rapid versus
poor acquisition of a two-way active avoidance response, differ in emotional reac-
tivity, sensitivity to stressors, and in their coping strategies in other testing situa-
tions, as well. These differences are associated with certain neuroendocrine and
neurochemical characteristics, and it has been demonstrated that neonatal han-
dling can have long-lasting effects on several of these behavioral and physiologi-
cal attributes, particularly in the direction of reducing the emotional responses of
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FIGURE 1. Elevated plus maze results in three commonly used criteria of measurement.
H=RHA/I rats, L=RLA/I rats, l=light phase, lighted maze, d=dark phase, dimly lit maze.
FIGURE 2. Elevated plus maze results in three additional (unconventional, innovative) cri-
teria of measurement. Same symbols as FIGURE 1. (See text for explanations.)
RLA/Verh rats. Newer elements in this collaborative project have been an aware-
ness of the importance of novelty (sensation) seeking in the RHA/Verh phenotype
and the production of inbred strains in parallel. These should enable the under-
taking of a molecular genetic analysis based on divergent emotional responses to
stressors, when the latter are considered in conjunction with eventual dispositions
in simultaneously measured characteristics of the F2 generation crosses.
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